Introduction
Approximately 30,000 emergency laparotomies are performed annually in England and Wales [1, 2] . Emergency laparotomy encompasses a wide range of procedures performed for a variety of surgical pathologies ( Table 1) .
The presentation may be acute or subacute, and around 6% arise as complications of elective surgery. Almost half of patients are aged > 70 years, and 55% of patients have ASA physical status grade ≥ 3 [3] .
The majority of patients undergoing emergency laparotomy have potentially life-threatening conditions that require prompt intervention ( Table 2 ). The small proportion of patients who require an emergency laparotomy following elective surgery may have had the benefit of pre-optimisation for their elective procedure.
However, for most, there is often limited time to carry out investigations and instigate treatment to optimise comorbidities. The time required to optimise a patient needs to be balanced against the risk of delay for timesensitive pathologies. Data from the National Emergency
Laparotomy Audit (NELA) shows that around 50% of patients have a surgical urgency < 6 h, 33% 6-18 h and 17% > 18 h [3] . As such, pre-optimisation for emergency surgery needs to be viewed in a different light to elective surgery. There is still significant opportunity to improve a patient's condition before emergency laparotomy, but this needs to be balanced against the surgical urgency.
The approach to pre-optimisation can be considered in two parts: optimising the patient's condition; and optimising the care pathway to reduce delays.
Optimising the patient's condition

Timely antibiotics
Current recommendations advise that antibiotic prophylaxis for abdominal surgery is given on induction of anaesthesia or ≤ 60 min before the start of surgery [4, 5] . However, more than one-third of patients have signs of sepsis present on admission or at the time that the decision for surgery was made [3] . Patients with signs and symptoms consistent with sepsis should receive antibiotics as a matter of urgency after the diagnosis is suspected, irrespective of the timing of surgery. This may well mean that antibiotics are administered in the emergency department. The literature on sepsis describes a 'golden hour' for early administration of antibiotics, with observable increases in mortality for every hour of delay in delivering the first dose [6, 7] .
Since the presentations and indications for emergency laparotomy are multiple, and antimicrobial stewardship is an important consideration, the urgent administration of broad-spectrum antibiotics will not apply to all patients.
Hospitals should ensure they have their own systems in place to identify patients with sepsis and be able to manage them appropriately.
Rational approach to fluid resuscitation and electrolyte balance
Patients presenting with intra-abdominal pathology may be hypovolaemic, either due to fluid losses from the gastrointestinal tract through diarrhoea or vomiting, sequestration of fluid within the bowel lumen, intra-abdominal haemorrhage or a relative hypovolaemia due to distributive shock in the presence of sepsis or severe inflammation. In some cases, fluid resuscitation will need to continue before, during and after surgery. When presented with a hypovolaemic patient, the approach to fluid resuscitation should be consistent with the underlying cause.
Patients with acute haemorrhage may require blood products as opposed to large quantities of clear fluids.
Although the evidence suggests that a restrictive approach to the management of upper gastrointestinal bleeding is preferable [8, 9] , shocked patients or those with evidence of continuing significant bleeding should be managed with early, balanced transfusion. Hospitals should therefore ensure they have the capacity to supply packed red blood cells (O negative or cross-matched) and other blood products rapidly in the event of major haemorrhage.
Applying evidence from the trauma literature, access to thromboelastography may also help to rationalise the use of specific blood products. In the event of major haemorrhage, tranexamic acid should be considered as part of resuscitation, along with the avoidance of hypothermia, acidosis and coagulopathy. In any patient with continuing bleeding, the priority should be urgent haemostasis, either through surgery, endoscopic intervention or interventional radiology [10] .
Patients presenting for emergency surgery due to cancer causing bowel obstruction may also be anaemic.
Treatment with intravenous (i.v.) iron before elective surgery is becoming an established part of pre-operative optimisation that reduces allogenic transfusion requirements. However, its role within the emergency situation is unclear [11, 12] . Guidelines suggest that in the absence of evidence of iron deficiency, the routine use of iron supplementation is not recommended during critical illness [13] . For planned surgery, the target pre-operative haemoglobin concentration is ≥ 130 g.l À1 , however, a range of 70-90 g.l À1 is generally acceptable for critically ill patients, unless modified due to specific comorbidities or acute illness [13, 14] .
Patients with significant gastrointestinal tract fluid loss may be both fluid volume and electrolyte depleted. There remains significant debate over the best (or least bad) fluid to use in this situation. In critically ill patients, a balanced crystalloid solution would appear preferable to saline, in order to avoid a high sodium and chloride load [15] .
Hydroxyethyl starch solutions have been widely withdrawn from routine use; however, this remains the subject of review [16, 17] . Although hydroxyethyl starch solutions do remain available for the initial management of hypovolaemia secondary to acute haemorrhage, they
should not be used in sepsis or other critical illness, and UK guidelines continue to recommend against their use for fluid resuscitation [17, 18] . Other colloids, such as gelatins and albumin, remain available, but any additional benefit over crystalloids remains unproven [19] . The same also applies to patients who are already prescribed statins.
Where the absorption of medication via the enteral route is not possible due to the surgical pathology, consideration should be given to finding alternatives for certain essential medications (anti-epileptics, treatment for
Parkinson's disease, immunosuppression for transplant patients, etc). These patients should be discussed with the relevant speciality and the pharmacist to try to identify alternative options in the peri-operative period.
Medications with a narrow therapeutic window should be monitored due to the effect that acute illness or drug interactions may have on metabolism and clearance.
Anticoagulants and antiplatelet medications should not be discontinued without first establishing why they were originally prescribed. Patients taking antiplatelet medications following recent endovascular stenting should be discussed with the relevant speciality. In many instances, it may be necessary to stop or reverse anticoagulation, but the indication for the anticoagulant will determine what additional action is required [24, 25] . For instance, patients with a mechanical aortic value will require bridging therapy with low molecular weight or unfractionated heparin, as will patients with a recent venous thromboembolism. Patients with a recent venous thromboembolism in whom full anticoagulation is contraindicated may benefit from insertion of a temporary inferior vena cava filter [26] . Again, the specific circumstances of the patient should be considered.
This list is by no means exhaustive, and early discussion with a pharmacist and the relevant medical specialties is advised for other medications.
Nutrition
Adequate nutrition is vital for recovery from major surgery and it is recommended that nutritional status be formally assessed both pre-and postoperatively [27] . Where time allows, the nutritional status of patients should be optimised pre-operatively in discussion with a dietician.
Peri-operative nutritional therapy is indicated in patients with malnutrition or those at risk, such as patients not anticipated to be able to eat for > 5 days perioperatively, or those not expected to be able to maintain > 50% of their recommended intake for > 7 days [27] .
Although the enteral route is preferred, numerous indications for emergency laparotomy are contraindications to enteral feeding. In these instances, parental feeding is an alternative. It is common to site a multilumen central venous catheter during surgery, and reserve one lumen for parenteral feeds only.
Even if oral diet or feeding via the enteral route is possible, if energy and nutritional requirements cannot be met (e.g. an intake < 50% of calorific requirement) for 7 days, supplementation with parenteral nutrition is recommended. Where it is indicated, parenteral nutrition should be administered as soon as possible [27] .
Glycaemic control
Periods of fasting, either before surgery or because enteral nutrition is not tolerated, coupled with the stress response associated with acute illness, are likely to affect the glycaemic control of diabetic patients.
Due to the unpredictable nature of the timing, duration and recovery from emergency surgery, most patients with diabetes who require emergency laparotomy should be managed with i.v. insulin and glucose, either in the form of a variable rate i.v. insulin infusion or a glucose-potassiuminsulin infusion, depending on the specific hospital guideline [28, 29] . Patients usually treated with an insulin pump should be managed according to the local policy.
Once an i.v. insulin infusion is established, most regular oral antidiabetic medications should be stopped until the patient is eating and drinking normally, with the exception of GLP-1 analogues, which may be continued [28, 29] . Although there are no formal UK guidelines at the time of writing, SGLT-2 inhibitors should be stopped 2-3 days before surgery due to the risk of euglycaemic ketoacidosis. If this is not possible, blood ketones should be monitored in addition to blood glucose [30] [31] [32] . If the patient usually takes a long-acting subcutaneous insulin, this may be continued at 80% of the normal dose together with i.v. insulin, as this may help to stabilise glycaemic control and facilitate return to the patient's normal regimen [28, 29] .
Any patient undergoing urgent surgery who is receiving insulin will require regular monitoring of blood glucose and continuous supply of substrate. Aiming for tight glycaemic control is not recommended, but instead the target blood glucose level in the pre-operative or anaesthetised patient should be 6-10 mmol.l
À1
, accepting values of ≤ 12 mmol.l À1 in patients where control is more difficult [28, 29] .
Patients with diabetes should be managed in an environment where the staff are familiar with their care.
Early involvement of the hospital's diabetes team should be considered.
Pre-operative chest physiotherapy
Postoperative pulmonary complications are common after major abdominal surgery. Some small studies have demonstrated that pre-operative prophylactic physiotherapy can reduce the incidence of such complications [33, 34] . These studies do not account for the specific challenges relating to emergency surgical patients, and were not powered to examine outcomes such as mortality or length of stay. As such, there are no formal recommendations for prophylactic physiotherapy, but this could be a useful area for further study.
Damage control surgery
Although typically associated with trauma patients, some of the elements of damage control surgery are equally applicable to unstable general surgical patients with significant peritoneal contamination or major intraabdominal haemorrhage. Here the focus is on short-term physiological correction rather than definitive surgery [35] .
There are four phases to the process of damage control surgery, as outlined in Table 3 . Phases 0 to 3 could be viewed as an extended period of optimisation before the final definitive procedure in phase 4.
Clearly not every emergency laparotomy requires this approach, but the principles should be considered when dealing with patients with significant physiological disturbance or haemodynamic compromise.
Optimising the care pathway
Reducing delays
Since one of the challenges of emergency surgery is the limited time for pre-operative investigations and optimisation of the patient, it is vital that the care pathway runs as smoothly as possible to avoid unnecessary delays.
Delay to emergency surgery has been associated with lower rates of survival [36] . Hospitals should investigate the performance of their own internal systems to ensure that:
patients requiring an emergency laparotomy are promptly identified and referred to senior decision makers; any preoperative investigations can be requested and the results reviewed in a timely manner; and there is sufficient capacity to allow access to an operating theatre in a timeframe appropriate to the clinical urgency.
Hospital systems are complex, and a patient requiring emergency laparotomy will require input from numerous professionals from multiple departments. There is not, therefore, a single right way to structure this pathway, but different solutions will work best according to a hospital's own specific infrastructure and resources. Clinicians should endeavour to optimise this pathway through regular data collection and quality improvement methodology.
Timeliness of access to and reporting of radiology and CT investigations
Interventional radiology plays an important part in the treatment of certain surgical pathologies and may avoid the need for emergency laparotomy. It is the treatment of choice for some types of abdominal bleeding and drainage of abdominal collections. The lack of universal availability of interventional radiology may be overcome through network arrangements with neighbouring hospitals, such that there is a defined pathway to refer patients who would benefit from Interventional radiology and potentially avoid an emergency laparotomy.
It is recognised that for some patients the decision to perform emergency laparotomy can be taken based on clinical findings alone, and that not all patients require an abdominal computed tomography (CT) pre-operatively.
However, the majority of patients who go on to have an emergency laparotomy will have had a CT scan performed before surgery [3] . In such a case, it is important that patients have timely access to diagnostic radiology services, and that these images can be reported by a suitably experienced radiologist so that the results aid surgical decision-making without adding delay.
Such targets for access and reporting of CT scans exist for patients admitted following major trauma (CT access available < 15 min and reported by a consultant radiologist < 60 min of the scan) [37] , so it is not unreasonable that 
